INTRODUCTION
At the 2003 ASSBT Meeting I presented a paper on "Microbes and Extract Storage" and referred to microbial issues we bad in one of the American Crystal Sugar molasses desugarization (MDS) facilities at Hillsboro. Also the remedial measures we had taken to circumvent these problems (1 and 3).
About the same time Willems et al. (5) had been working on microbial issues and spoilage in thick juice in Belgium. In their studies they had found two microbial types, namely mesophilic anaerobes and fastidious microbes to be the causative agents of thick juice spoilage. American Crystal Sugar Company at the time did not monitor for these two particular microbial types on a routine basis in stored extract from our MDS plants. Therefore, we wanted to find out what level of fastidious and mesophilic anaerobic microbial loading was in extract from our MDS facilities and what effect they had on long-term storage. This resulted in routine monitoring for these two microbial types for a period of 13-14 months in extract from both of our MDS facilities at Hillsboro (1-ll-B) and East Grand Forks (EGF). In addition, we carried out challenge studies with inoculation of extract with high loading of different microbial types and observed the stability of this extract during long-tenn storage. These studies involved the preparation of large amounts of inoculum for initial challenge of extract. This in itself was a challenge and resulted in some interesting findings which will be discussed.
MATERIALS AND METHODS A) Microbiology 1) Sample collection
Samples of material were obtained aseptically in sterile screw cap containers from each location (extract to storage or different points on extract tanks) at HiUsboro (HLB) and East Grand Forks (EGF) molasses desugarization (MDS) facilities. The samples were boxed and sent to the ACS Technical Services Center Microbiology Lab via UPS next day service. Microbiological analyses were carried out the same day or on the following day the samples were received. For storage trials extract was obtained aseptically in clean 5 gal. pails from the respective MDS facilities.
2) Mesophilic and thennophilic counts Appropriate serial dilutions were made, and decimal dilutions of samples were pipetted into labeled sterile Petri plates. A pour plate technique with tempered plate count agar (PCA) was used. The plates were incubated at 35°C for Mesophiles and 55°C for thermophiles per 48 hrs.
3) Lactic acid bacteria Appropriate serial dilutions were made, and decimal dilutions of samples were pipetted into labeled sterile Petri plates. A pour plate technique with tempered MRS Agar (DeMan, Rogosa, Sharpe) was used. The plates were incubated at 30°C for 72 hrs. in a 5% C02 incubator and observed for growth and counts made.
4) Mesophilic anaerobes
Appropriate serial dilutions were made,' and decimal dilutions of sample were pipetted into labeled sterile Petri plates. A pour plate technique with tempered Reinforced Clostridial Agar (RCA) was used. The inverted plates were placed in an anaerobic jar with an anaerobic gas generator sachet and anaerobic indicator pill. The closed jars with plates were incubated at 30°C for 48-72 hrs and counts made.
5) Regular and osmophilic yeast and mold counts
Appropriate serial dilutions were made using Butterfield's phosphate buffer for regular yeasts and mold and the same buffer with 40% sucrose for osmophilic yeast and mold.
The microbial counts were obtained using the Hydrophobic Grid Membrane Filter (HGMF) method or Iso-Grid Method, with use of 0.45 !lm membrane filters and YM-ll agar with chlortetracycline-HCI supplement for regular yeast and mold. The medium used for Osmophilic yeast and mold had 40% sucrose added to the YM-ll agar with chlortetracycline-HCl. The YM-ll plates were incubated at 28°C for 48 hrs and the YM-ll sucrose plates at 30°C for 72 hrs and counts were made.
6) Flat sours and total thermophilic spore counts The dilution used for mesophiles and regular yeast and mold analyses was boiled for 5 minutes and cooled. Decimal dilutions were then plated with Brom dextrose tryptone agar using a pour plate technique. Plates were incubated at 55°C for 48 hrs and counts were made.
7) Thermophilic anaerobes producing HzS
The remaining content of heated storage juice solution from test 6) above was used in thermophilic anaerobic analyses. A 20 mI portion of the boiled solution was divided equally among 6 tubes of sulfite agar and the tubes were cooled rapidly. The 6 tubes per sample were then incubated at 55°C for 24 and 48 hrs and counts were made.
8) Thermophilic anaerobes not producing HzS
The remaining content of heated storage juice solution from test 6) above was used in this test. Another 20 mI portion of the boiled solution was divided equa.Ily among 6 tubes of Brom PE-2 medium (pea tube test). Each tube was then stratified on the surface with 2% agar and cooled rapidly. The 6 tubes per sample were incubated at 55°C per 72 hrs and counts made. The above cultures were grown for -48 hrs. and 1 ml of each of these cultures was transferred to 30 ml of the appropriate broth in seven centrifuge tubes for each culture. These centrifuge tubes (7 per each microbial type) were incubated at the appropriate temperatures given above, overnight (-18 hrs). Six of the culture tubes for each microbial type were centrifuged at 19,000 rpm (SS-34 rotor) in a Sorvall RC-5B refrigerated super speed centrifuge from DuPont instrwnents for 20 minutes. The 7 th tube of each of the culture types was plated to obtain a viable cell count. The supernatant from each tube was discarded, and the six pellets of each microbial type were consolidated into one tube using as little 40% sucrose as needed. Each of the combined pellet tubes were then centrifuged again as before to obtain one large pellet of cells for each microbial type. Each large pellet (thermophiles, mesophiles, mesophilic anaerobes, fastidious microbes) was then added to separate screw cap plastic containers containing one liter ofEGF extract (#3-4). See Fig. 3 for detail. The inoculated extract samples and controls were then swirled fairly vigorously for even distribution of the inoculum and then incubated at 30°C for a period of nine months (9/13/05 to 6/26/06). Sample aliquots were obtained from each container and microbial counts, pH, and brix measurements were made throughout the storage period. ii) The second set of inoculum for this trial was prepared using only EGF Tank #3 extract from 5/31/06 (RDS ~70.82) and only the mesophilic microbial population was cultured. The extract was made to 20 brix with sterile water. After 48 hr. growth at , 30°C, 10 ml of inoculum was transferred to a new 20 RDS bottle and incubated for 24 hrs. Two more similar transfers were made every 24 hrs to new 20 RDS bottles to increase microbial population. The 4th transfer was made into two 20 RDS bottles and incubated for 24 hrs. The inoculum from the two bottles were mixed together and used to inoculate the extract in the challenge study. See Fig. 8 B) Chemistry 1) Sample -on completion of collection of aseptic samples, a small volume of sample was poured off aseptically in the factory lab for pH, brix, and L-Iactic acid measurements.
2) pH -measurements were made using pH meter (Orion, Beckman, or Accumet basic).
3) Brix -measurements were made using an Index GPR 10-23 or 1045 refractometer.
4) L-Iactic acid -Measurements were made using a YSI Model 1500 or YSI model 2700 biochemistry analyzer from Yellow Springs Instrument Company.
C) GR&R Studies for Repeatability and Reproducibility
In Test 1 of the GR&R test, two analysts (1 & 2) tested the same EGF extract sample for aerobic thermophiles, mesophiles, mesophilic anaerobes, and fastidious microorganisms 10 times over giving 20 readings for these microbes on the same sample.
In Test 2 of the GR&R test, each of the two analysts (1 & 2) tested 10 different EGF extract samples for aerobic thermophiles, mesophiles, mesophilic anaerobes, and fastidious microbes giving 20 readings (duplicate sample readings) for the 10 different samples.
RESULTS AND DISCUSSION
At American Crystal Sugar (ACS) Company we have been carrying out microbial testing of extract from both our molasses desugarization plants for a long time. The number of tests we carry out on each extract sample also has increased over the years. As such in May and June of 2005 we began assessing mesophilic anaerobes and fastidious microbes in extract as well. This was after Willems et al. (5) published findings of degradation of thick juice by these two microbial types.
The fastidious microbes are termed as such as they are more difficult to detect and require a more nutritive medium for growth. Therefore a nutritively rich medium called Columbia agar' with 5% sheep blood for growth and detection of these microbes same as in (5) was used. The test results for these microbes obtained over a period of 13-14 months, which is longer than one beet campaign for both East Grand Forks (EGF) and Hillsboro (HLB) facilities, show that the fastidious microbial counts tend to be higher than the mesophilic counts ( Fig. 1 and Fig. 2 ) in extract with pH of 9.8-10.2 and brix of 68.5-71.13 range in these samples. This would be expected as the Columbia agar with sheep blood is a more nutritive medium than the standard methods agar used for the cultivation of mesophiles.
Willems et al. in their paper state that the ratio of fastidious to mesophilic counts is an ideal ratio for monitoring degradation of thick juice. According to them the fastidious bacteria coevolve with mesophilic microbes in non infected thick juice and the fastidious component shifts to dominance at the onset of a serious pH fall and increase of invert sugar. This is contrary to our fmding in desugarized extract where the fastidious microbial population is higher than the mesophilic population throughout the campaign with no drop in pH. In the Willems studies with thick juice, they observed a peak for mesophi1ic and the fastidious group about 35 days after storage at log 4-log 6 cfulg. Since we were looking at microbial counts as per 109 DSE this would be relative to a pH drop at log 6-10g 8 cfullO g DSE range. After about 70 days of storage they observed a switch in populations with the mesophiles decreasing rapidly in numbers to log 1 cfulg while the fastidious counts increased rapidly further to log 5-10g 6 cfulg after 80 days of storage.
Willems et at (5) also found that once mesophilic anaerobic populations reach peak microbial loading of log 7 cfulg (relative to ~Iog 9 cfu/IO g DSE) it could cause spoilage in thick juice within 24 hrs. Therefore, in May of 2005 we began monitoring for mesophilic anaerobes in MDS extract from both EGF and HLB facilities. Soon after we started this testing we observed counts of log 6 cfu/l0 g DSE in one of our EGF tanks (Tank #3) in regions just below the surface. See Table 1 for detail. During 3 successive weeks of testing of this extract (517, 5/14, and 5/21105), it seemed as though the mesophilic anaerobic infection was going deeper into the tank. Therefore, EGF started processing Tank #3 first (around 5/24/05). However, as soon as we began pulling extract out of this tank, the mesophilic anaerobic counts decreased rapidly to zero. Therefore, we did not see the same decay observed by Willems and co-workers in desugarized extract and we were not able to give an explanation for the sudden change in counts to zero.
Lactic acid bacteria were also monitored in extract on MRS agar plates incubated in 5% CO 2 . However, as we obtained hardly any growth on plates, we discontinued testing for this microbe.
Some other workers who have reported on problems in thick juice storage were Sargent et al. (4) . They observed deterioration of thick juice in some storage tanks at British Sugar at fairly low mesophilic counts (log 3 cfu/lOg range) and osmophilic yeast counts (log 2 cfullO g range). See Table 2 . However, our MDS extract tanks stored during the beet campaign 2005/2006 at both HLB and EGF and in previous campaigns (3) typically show higher microbial loading. See Table 3 .
The main problem area during extract storage at ACS facilities has been the surface ofthe tank. As shown in Table 4 , when increase in microbial loading over consecutive weeks was observed, we managed to quell the infections by applying 25% caustic solution on the surface of the tank (3).
In addition we have had no degradation ofMDS extract with a drop in pH for the past 4-5 years.
The following Table 5 gives the length of storage of extract in some HLB and EGF tanks from 2003 to 2006. This table shows we have stored extract from ~6.5 to 14.5 months in HLB and 8 11 months at EGF from start of filling the tanks to end of processing. Therefore, the long length in storage time ofextract without degradation concerns is quite significant.
Inoculum Preparation and Microbial Challenge Studies ofExtract :
Two microbial challenge studies were carried out with EGF extract. The purpose of these studies was to see what type of microbial populations would have the greatest impact on degradation of extract when inoculated at high levels. Two different approaches were used for the preparation of inoculum for the two challenge studies.
Challenge Study I -This study was begun in September 2005. The EGF extract was used for inoculum preparation for the microbial challenge and storage study of extract. Four different cultures (mesophiles, thermophiles, mesophilic anaerobes, and fastidious microbes) were prepared using this EGF extract and appropriate broth and incubation temperatures required for growth of these microbes were used. See Material and Methods Section A-1O and Fig. 3 for details of inoculum preparation and extract microbial challenge. The inoculated extract samples and controls were monitored over a period of nine months (Sept. 13, 2005 -June 6, 2006). Fig. 4 shows the level of microbes in extract throughout the storage period. Fig. 5 gives the microbial levels in the controls. These graphs show that we did not increase the microbial levels very much more than was originally there in the extract except for the level of fastidious microbes. However, all these populations decreased to the log 3-4 cfu/l0 g DSE range in 24 hrs and close to the original microbial levels in the extract. After this the different microbial levels kept fairly steady for about 4 months and a further decrease in counts was observed closer to 8 months storage time similar to the control microbial loading. See Table 6 . In addition Table 7 gives the range of pH and brix values in separate challenged extract containers and controls throughout the storage period. This shows if extract is stored at high pH (9.9-10.5) and Brix (68.6-70.8), it will remain stable even if inoculated with high levels of microbes.
Challenge Study II -(Nov.lDec. 2006) Here a different approach for inoculum preparation (by lowering brix of extract) was utilized. Also in this study instead of using a large number of different microbial types we focused only on the mesophilic population. In the initial inoculum preparation in this study (See Materials and Methods section A-l1a and Fig. 6 ) we used Hillsboro (HLB) extract, East Grand Forks (EGF) extract, and a 1:1 mix of the above HLB and EGF extract. These three extract samples (EGF, HLB, and EGFIHLB mix) were diluted to 20 RDS with sterile water and incubated at 35°C for 72 hrs. Sample aliquots were taken at periodic intervals over a 72 hr period for mesophilic microbial assessment. This gave us some very interesting results.
We expected both HLB and EGF extract at 20 RDS to give high growth, but instead only the EGF 20 RDS extract gave a high mesophilic count (log 8.23 cfu/g) after 72 hrs of incubation. The HLB 20 RDS extract remained at a low log 1 cfu/g range throughout the incubation period. The EGFIHLB 1:1 (20 RDS) mix started off initially at a low count and then caught up to the EGF microbial loading (log 8 cfu/g) at ~8 hrs of incubation. See Table 8 and Fig. 7 for detail. This showed us that the remedial measures taken at HLB during 2001/2002 were certainly producing a very stable extract which was almOst sterile and was difficult to deteriorate even if we intentionally wanted to. This added further credence to Table 6 referred to earlier as to why we could store HLB extract in our tanks for 14.5 months without any problems.
Since it was almost impossible to obtain a large amount of inoculum for challenge studies from HLB extract we had to use the EGF extract for inoculum, preparation and microbial challenge of extract in Study II. See Materials and Methods section A-II b and Fig. 8 for inoculum preparation for Challenge Study II. Also Materials and Methods section A-II c for the protocols used in the set up and inoculation of extract in Challenge Study II.
This study is continuing and the results obtained so far (2-2 ~ months after inoculation) do not show differences in mesophilic counts in extract samples of 68.45 RDS and 64.45 RDS incubated at 20°C or 30°C which was surprising. See Table 9 and Fig. 9 for detail. This study again goes to show that if extract is produced under sufficiently stringent measures, it probably would take a lot of mesophilic inoculum to deteriorate the extract even if there was a drop in RDS or increase in ambient temperatures.
GR&R Studies:
During the past 13-14 months of evaluation of fastidious and mesophilic anaerobic tests on extract we observed large variation in counts especially for fastidious microbes. Therefore we questioned the reliability of these counts and other microbial tests we were carrying out. As such it was decided to carry out some GR&R or repeatability and reproducibility testing for these microbial tests to check variation (2) .
Repeatability looks at the variation between measurements of the same part when measured by the same analyst with the same measurement device. Reproducibility is the difference in measurements between analysts. Therefore the R&R test will tell us the total variation in the measurement system that comes from Repeatability and Reproducibility together.
In Test 1 of the GR&R test the two analysts (1&2) tested the same EGF extract sample for aerobic thermophiles, mesophiles, mesophilic anaerobes, and fastidious microorganisms 10 times over, giving 20 readings for these microbes on the same sample. See Table 10 . The resuhs here show that the mesophilic and thermophilic counts obtained by the 2 analysts were close while the fastidious and mesophilic anaerobic counts showed variation.
94 ~~~- Statistical analysis was carried out on these tests and the confidence interval was found to be very broad for the fastidious and mesophilic anaerobic tests (7 and 5 log units respectively) on a single sample while for the mesophilic and thermophilic tests the confidence interval was narrow (0.5 and 1.1 log units respectively). See Table 12 for detail. The mean of the test was 5.5 -6.5. In the analysis of variance for the analysts the p factor was 0.7 -0.9. This shows that there was no difference between the analysts and the variation was in the fastidious and mesophilic anaerobic tests.
Therefore due to the very variable results and the lack in reliability ofthese numbers, we decided to discontinue testing for the fastidious and mesophilic anaerobic microbes from the beginning of this campaign.
CONCLUSIONS
These studies have shown that:
1) The I-ll.,B storage intervention strategies taken in 2002 have produced a very stable extract. For instance, lowering the HLB extract to 20 RDS and incubating the same extract at 35°C for 72 hrs hardly increased the microbial loading from the initial level (log I cfu/g range).
This was further demonstrated by the HLB MDS facility's ability to store extract for 14.5 months or longer.
2) The microbial challenge studies carried out with· EGF extract using mesophilic, aerobic thermophilic, fastidious, and mesophilic anaerobic microbes show that degradation of extract will not occur if it had been produced under sufficiently stringent measures. That is microbes inoculated at high levels die out and are maintained at levels close to those found in uninoculated control extract samples.
3) The GR&R tests for repeatability and reproducibility have shown large variation in numbers for the fastidious and mesophilic anaerobic tests. Therefore routine assessment of these two types of microbes in MDS extract was discontinued at American Crystal Sugar Co. from the beginning of this campaign after 13-14 months of routine testing.
4) These studies have given us some indication of the frequency of testing required for these microbial types. • Fastidious I
• Mesophiles I 
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